DOI:10.3969/j.issn. 1673-1689.2018.04.009

Acacia seyal JBIGEKIR IO 85 K
=i e i Prrfey - Tk ne

% A& 1 == 1,2 2 X2 > 15 *12
FRE BRI, EZpF: B
(1. A RE S HAR E R E S VLR RS 709 8 2141222, 71 K2 b2 S8R TR 22 Be , 1198 G
B 214122)

WE. Mii8/K Acacia seyal & F KM BAZ LA RE R 209 S B ILILA . ABEE G KMESF
89 7R B K 6 B KM R (CHP) i@ d £ 352 RS AL S A, Seyal $ ¥4 T L, KRR T — #7189
% ¥ LA AT, KT RAF /K ILRR IR A K& TS Acacia Senegal L9488, A A. Seyal
Ity 2y 44 4% FUALAR MR B4R & 4 20 45 H AR R/ @ R A7 69 AR A A B E ks R M L AL
Seyal fc3% 5% , BLIE & A HoK Mg IR M3 3% @ id 2t & 7] CHP-A. Seyal #4840 0 7 Bk M,
R EEE EIRAERMER LAY K ILRR PIACERG R R S F T A K
89 MR HOR I I F K F bR, AR R R @ AL S R L R SLA A

KEIR . AR ;B R G FKK; 2B R 38

FRESES TS 201.7 XEIREL.A XEHS:1673—1689(2018)04—0385—07

Covalent Linkage of Casein Hydrophobic Peptide to Gum Acacia seyal and
Surface Physicochemical Properties of the Products
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Abstract: Acacia Seyal is a hydrophilic polysaccharide with poor emulsifying performance. This
experiment covalently linked casein hydrophobic peptide (CHP) to gum A. Seyal through Maillard
reaction to obtain a new polysaccharide emulsifier. The conjugates were improved in their emulsion
capacity in emulsion of canola oil in water,which is up to 44-folds of that of Acacia Seyal and close
to that of gum Acacia Senegal ;and the emulsion stability can be increased about 20 times. Their
ability to reduce the surface/interfacial tension and interfacial viscoelasticity are stronger than that of
gum Acacia Seyal;and increased with increasing hydrophobicity of the conjugates.The
hydrophilic-hydrophobic property and surface activity of CHP-A. Seyal conjugate,viscoelastic of
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solution ,emulsion activity in canola oil/water were studied. The results indicate that the covalent

attachment of peptides to polysaccharide can change the balance of hydrophilic-lipophilic of gum A.

Seyal to modulate the surface physicochemical properties especially emulsifying properties.
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Table 1 Molecular weight distribution of casein hydrolysis

peptide and hydrophobic peptide

7K figk JOR A L 7K JEK 1 AH X
Oy T BG4 M %

N HINGITE WIS

2 000- | 5 000-

DH 1.5% 7K fi# Ik 41.14 23.50 20.17 15.19
DH 1.5% i /K Bk 63.48 21.88 10.10 4.54
DH 5% 7K i Jik 51.81 25.09 14.59 8.51
DH 5% i 7K Jik 80.01 13.53 4.48 1.98
DH 10% 7K fift ik 69.09 18.13 7.05 5.74
DH 10% #i7K ik 96.84 2.61 0.45 0.10
DH 15% 7K fif ik 86.60 8.27 2.08 3.05
DH 15% Hi7K ik 97.74 1.68 0.42 0.17

F2 AEKHEE(DH) HEEE B KRB KK SEBR AN

Table 2 Amino acid composition of hydrolyzed and hydrophobic peptide of casein %
REHTR 5.79 6.00 5.69 6.06 5.37 5.85 3.54 5.80 3.76
B 19.34 20.62 19.56 20.62 17.74 19.67 11.05 19.36 11.61
225 R 3.59 3.56 3.43 3.64 2.88 3.49 1.57 3.35 1.80
4R 2.42 2.49 2.37 243 2.10 2.34 1.26 2.13 171
HER" 1.64 1.48 1.82 1.50 1.96 1.48 2.07 1.48 225
pix A1 3.12 3.17 3.26 3.19 2.99 3.04 2.11 2.98 2.27
T 2 iz 2.85 2.81 2.78 2.94 2.86 2.90 2.30 2.89 2.39
[CE-N7 2.48 232 1.93 241 1.86 2.38 1.40 2.36 2.01
i & R 422 275 3.45 3.41 4.92 3.62 7.61 3.32 9.60
e s R 0.22 0.09 0.14 0.02 0.11 0.01 0.032 0.01 0.10
ETE=N 5.78 5.58 6.61 5.73 7.04 5.57 791 5.47 8.86
EAmR® 2.37 2.44 1.27 2.46 1.26 2.39 0.70 2.16 0.88
AR 4.46 4.02 5.06 425 6.20 4.16 8.33 4.11 10.01
SRR 4.58 4.77 4.79 473 4.59 4.54 4.26 445 5.25
AR 7.71 7.10 8.88 7.59 10.80 7.45 13.20 7.21 14.51
i R 6.58 6.26 5.75 6.14 4.58 5.89 1.26 5.77 1.94
i 2 i 6.84 4.12 6.42 425 6.72 3.98 7.88 4.09 8.62
BER " 2.62 2.27 2.18 2.08 2.38 2.08 1.76 1.93 0.75
Bk MR LR 38.49 34.10 38.97 35.01 42.80 34.02 47.51 33.26 53.15
TR 86.61 81.85 85.39 83.60 86.36 80.93 78.24 78.98 88.32

" Hydrophobic amino acid.

1.3 CHP-Sy E&¥HIH &

¥ 1.2 H3RA3 19 CHP 5 Sy #% 1:3 s T 2%
Bk SR TN 2 h SRR T R R R
T PR R R S 1t 80 H i . BUE B _E R KR

TEFRILA, R A B R RS AT 48 A NaCl 3
Mg, 7R 60 CRYMEAT h BEAT SERLTE R, 3
KIG A5 L BB, A5 B AN [R] 12 45 58 ) 42 A5 7 ), #5715
B P W) R T J5 3 BT 4 °CA B g I

RSt HRAZIL 2018 FE 7 EE 4




RESEARCH ARTICLE

HOU Chuchu,et al: Covalent Linkage of Casein Hydrophobic

Peptide to Gum Acacia seyal and Surface
Physicochemical Properties of the Products

FE K TNBS 75,
14 HERREH

W CHP-Sy #5409 5 i 76 38 5 19 25 8 1K
J& N HCL IS, W5 pH & 4.6, 1 &S5 KV 1)
CHP & AEUUHE, B0 (10 000 r/min, 30 min) B E 3%
W, pH Z 7.0, BT (3.5x10°) J&5 478 R T8 8%
HEW (0.1 g) T 100 mL 2285 77K, I A R TR
fITEK B IS RSt 2 h, K DivEse &) ks
B (0 98 AR R B T K A R TR AR B 4l AR
AR =, DN AE Sy FIUAS [R] K i B i CHP-Sy 2
A T AF S TC - 0 R0k R DA A Rk B Y
HAH (C w/C ) RFRER B REK,
1.5 ERWAMRIESH

TALH R 3k Sy Al CHP (DH 1.5% )-Sy 4
FCITE B 25 A K238 43 B /K BRI JS A9 2006135
1.6 G

W35 B0 Sy 4T IE A 0 B R AR 9% v b
(pH 7.0,0.2 mol/L) , st /3 i #¥ 1 h Jf4E 4 CFid X
PLFE A KA A i, B850 I DR B T T, L A VO
TEER AR I E , EHATEZE R T HEHE 1 h
Ja BAE . NRIE S AR I & F DHR-2 3 AR h
PEAT S SFATAE A2 R 40 mm, FLA B B R 0.8 mm,
B ImL B 5B TR S5 Z A, B it i A
mh o TESFARG G N — 2 AR, B kK 7R R
WEA K SE, REYERFIE 25 °C, T LA
X3 7€ 5% W R )R, XEFE S (0.5% ) 32F47 45 5 4 4
(0.1~10 rad/s), iCsgofitEMig ¢ ZoA R R Gkl
R AR AR
1.7 FE¥ANMFA®EKA

1 7 7 000 7 FH B B R S S D B
— R BB B VAU, RN T T 25 GOk e
76 30 min, I FHHB 4K SHL A PEAT AL 1E

55T 7K FH i B AV A e 3 AR A T DU S B
J R 0.36 of/dL, ¥k 314 % 4 500 r/min, I & A
T 5K 7 BE S ] 2546 (25 °C) .
1.8 FlibgEnFzlbiaE

W53 B AR S T 0.1 mol/L Y W B2 2% vh i (pH
7.0) o, =R T REEHEFE 30 min J5 A H A IIA —
JE B IR SRORF T, 552 30 2 P g 4 U8 R HLAE 10 000
r/min T 60 s 5,0 5 min(1 500 r/min) , ) E
FLAK 2 1o B AN LR v

KB DR FLI, 76 80 CHy/K i b E i 30

min J& &5 FRRE L 0 sk A FL AL R AL
W
1.9 EEYEKSHIABERRWHNES

K 2 K W 43 BICLE T R 2% iR TR (pH 4.0,0.1
mol/L) , ¥ il ¥ i A 2.0% , I i A5 243 %1 0.01%1
ZRALE I PUEF) AL 4 CFHCE 12 h i H %5
JKAK B0 30 min(5 000 r/min) , 9K 5 18 18 b1 % 43
FRCU O AT BRI, P B R AL TR R 2
min, #8 J5 7£ 35 MPa F & 355 3 ok, 15 20 75 I FL
W o FLIR PRI 20 AT FH ORI A3 AT A a2 | 8
HESE AT ST PR A 1,333, A O AT S FE 40 1.466

| 2 st

2.1 CHP-Sy #Z& Y FEKERE

FHIE T EEHE LAY CHP He 22 2% IR /K i 8 b 3k
A5 19 7K gk K P AR X 43— B o R AR HL A A B
(F 1), Bk M2 ST % 2 5 2 DA it /K M i (3R
2) AR B 2 S M A SE K R T HLB {H 3%
{1 (5 1 SO = QT R N A OB E RO E PO R
AR SEZ o B 1 R WAL W B oK P L Sy /Y
15, (AR W i 7K A B 2 A KBS CHP 7K i B2 1Y) 3
AT/, B S 56 0 Bl P9 AR K A B i 3 ke iy By o
AR ORI BEE CHP /KRR B2 A3 K
ABlE 2 5 LR N M TR ) 1 LAl
TR /D (2 2) , 58 B CHP 5 Sy B34 B /N

0.18F
0.15
0.12

% 0.00f
0.06}
003}

0 [ .

Sy DH1.5% DH5% DH10% DH15%

B 1 SyfnSy#smmETEKSRES

Fig. 1 Partition coefficient of Sy and grafts of Sy
22 BRI KIERE

& 2 J& Sy,CHP (DH 1.5%)-Sy &A% 4 15 % 25
A SR 43 i K KT S LA S L, i Sy R
(AR BT AR R I, Sy ZERERE 14 (1 700~1 600
em™ ) FIEERE ILH7 (1 480~1 575 em™) JL-T- A W,
TR 25 A B 0z 35 43 0 i K AR, ke T s A e 1
AT 5 B I 1 W AT 06 1 B A S 3 B K K S
Sy KA THBR .

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.4 2018



HRIEX

EHEHE S Acacia seyal B W) BLK IR R M4 S B F 4 0 R @A AL F MRk

— LBRARR Bk B
— RERA R Bk B

1%
b

4 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
Alem’!

2 Sy #1 CHP(DH 1.5% )-Sy ## ¥ 7 i & 5k K KL &8 4
B 7k BR BT S5 B L0 Sh SE i E
Fig. 2 FT-IR spectrum of CHP(DH 1.5% )-Sy conjugates
2.3 CHP-Sy #8 ¥ ia il i 3R/5 E 3K J1 70 SR E#S
RS
MIE 3 ] LUE 2, 5 Sy AHLL , AW KRB
BT ST 5K )RR S 5K D, OF BLAR B R AR R
TET 5K 1 15T 5K 3 ) RE ) BE A A i K
[[OR:EigS

—&— Sy —— casein-Sy —#— DH1.5%-Sy
—M— DH5%-Sy —#— DHI10%-Sy —#— DHI15%-Sy
75

~ 701

£

Z

E 65}

3

= 60F

=

®
55t
50 L L L L )

0 0.1 0.2 0.3 0.4 0.5
JEHE S50 %
(a)

—— Sy —— casein-Sy —— DH1.5%-Sy
—#— DH5%-Sy —#— DH10%-Sy —#— DHI15%-Sy
18

16

—_— =
NSRS

FLIIK J7/(mN/m)
=

N A N

0 1.5 3.0 4.5 Gb 7‘5 9‘0 165 12.0 135 150 16‘5
t/min
(b)
El 3 Sy #1 CHP-Sy #&# ¥ 89 5= T 5K 71 0 57 T 3K 71 B R B
HIZE{L (25 °C)
Fig. 3 Surface/Interface tension of Sy,casein and CHP-Sy

conjugates as a function of concentration at 25 °C

Sy S HAZA W) BTt 43 BOE FAE 0.5%~4% 2 [1H]
B R B8 AN I 57 U0 3 1 1 KN R A AR AR AEAE
W ARG 5 X, S AR AR AT O (] 4)
1M Sy MR PRI G T e 51 26 X 4 2 K T B R AL
"G (ES), Bl 0.5%I1 Sy ¥ e S 51 2 3
H BB S ARG PR AR I L T A 1) A A A R A
DR A1 3 4 AR 1 LK T CHP (DH1.5% ) —Sy 4%
2y 1) SRS SR AR AR T, 2Ok DH 1.5%1
CHP {9 ¥ fifp P S 0 it 4 1 1 2 1, AR B A UK
WL M HA BRSNS AR AR AT £
JOK P B A R 2 W 1 S K P, B R T AT T
T2 FUARR) 43 1 B 0 R AE B N 3 B

TR S 22 4 T Bl Y Sy,
0.1r
A 05%
A 2.0%
001  —A—40%
a AAAA AL ALAMLALA
£ T IIT T Y TP
= 9001}
0.000 1 - s s
1 10 100 1000
B R /(1/S)

Bl 4 SyHthEREIERANTL
Fig. 4 Steady shear rate dependence of viscosity for Sy

1r

O/® Sy o
AIA RED oo
Cm ke °ad
0.1} éﬁ....1
§ ooooooooooooo ﬁé..-.
5 - e
& oo 5880088008 aﬁ-_
saaaaanassss
0.001 L L .
0.01 0.1 1 10
fHz
(a)3H A
O/®@ Sy =]
e A/A RED Eme‘
CUm R azgeBy
=Z58° =3
< 0.1} DE B OE B aEr B e Elsﬂe e
(=3 86 .::.‘
5 6666668688689 =il
. Lo
o o0l 3:533’531202*‘
0.001 L L '
0.01 0.1 1 10
fHz
(bRl

B 5 sg4EE(a)MHEES (b)TX
Fig. 5 Mechanical spectra at of Sy,Casein—Sy (a) and
DH 1.5%-Sy (b)

54 ihil £ 510 2018 EE 37 B 4 17




RESEARCH ARTICLE

HOU Chuchu,et al: Covalent Linkage of Casein Hydrophobic

Peptide to Gum Acacia seyal and Surface
Physicochemical Properties of the Products

2.4 CHP-Sy ##WEim/ kIVREHOALITA
241 SUiLHe A AsLiss R K 6 BT, Sy &
AN TR K ff BE i K IR BE HE R S, FLAR e T A FLAE AR
EMEA T B, JFHKEE CHP K i R
%, R 2L ) FLAG R 1 A FL A AR e M Bl 2
BRI R 1.5% 1) CHP 5 Sy W34 #L4k
A5 Sn R, FLALEE SN 1%4 = 5 44%
PR Wy 0 LA AR S PEATIAS B2 S, 16 BH 2 R 40 1) 25 44
HGEA LA,

45 u CHP
B Mixture
40+ ® Coni
onjugate
35¢

A%
&

Sn Sy 1.5% 5% 10% 15%
()
40
m CHP

35r B Mixture
s 30¢ ® Conjugate
el
H
T8
B
=

Sn Sy 5% 5%  10%  15%
(b)

B 6 Sn,Sy,CHP,CHP-Sy HJiE & ¥ iE# WA ZL 1k a8
MFL LR E M (pH=7.0,25 °C)
Fig. 6 Emulsion capacity and stability of Sn,Sy,CHP,
CHP-Sy mixtures and conjugates (pH=7.0,25 °C)
242 sLir#4iE45 & H CHP-Acacia Seyal %
YA SR Sk K LR FLA T, 787K A 0l 2L A
FRCGRFMOK ) BRI FL AL RE R T Sy #9MH
W& T Sn 1Y, I HLs /K P 95 ) B A ) REJE B B /)N

S E Xk

P FLCRL A B LA B Ar (LA TE PR, JCHJE DH
1.5% 1) CHP 5 Sy 0y 4% 7™ ¥ ,Sy & CHP (DH
1.5%) Htifm, LIV H54RiE A 5.66 wm /) 5
1.10 pm; {HJE DH 1.5%-Sy 4490 it T B 7L e i)
PRBURLAS A IF A SIS, B — RS T
R LA E RN Sn 1Y 25 SR LI 7

151
13F —a— 3
—-—D%JI—Sy
11F —=— Sn
I
£ o9t
&
&R 7
= 5l
1
1 . . ) ) ) .
0.01 0.1 1 10 100 1000 10000

HifE/pm
& 7 Sy,Sn,#1 DH-Sy ## 9 #l 5 15 2] &Y 31 8 7K & ih ZL K
RE R 25 % (pH= 4.0,25 °C)
Fig. 7 Comparison of particle size distribution for fresh

emulsions made from canola oil/water stabilized
by Sy,Sn and DH-Sy conjugates at pH 4.0,25 °C

| 3 = i L

JH 1% A8 1 K il AR AT B0 6 7K P IR o 56 4 Sz
N5 58 R K Acacia Seyal WEHEARL, 5345
KW 5 Acacia Seyal AR L, LB /K P58, 2563
Bl A, 3 A0 o AT /37 T K 7 1) R 7 LA B 5 TR i
PRI Acacia Seyal B3 i® , H Fifi %5 22480 i K P
R TG 5 RN SRR FUIRE ) FL AL RE
(44.08%) fie = i 21 5 Acacia Senegal & AH T (1)
{f(43.93%) , } Acacia Seyal K& 1124 44 i ; Ho 3L 4k
R e kB = WA A cacia Seyal JEHY 2 20 45, (H K &
Acacia Senegal &1 56% .,

[1] VANLOOT P,DUPUY N,GUILIANO M, et al. Characterisation and authentication of A. senegal and A. seyal exudates by
infrared spectroscopy and chemometrics[J]. Food Chemistry,2012,135(4):2554-2560.
[2 ] AKHTAR M,DICKINSON E. Whey protein-maltodextrin conjugates as emulsifying agents: An alternative to gum arabic [J].

Food Hydrocolloids,2007,21(4) :607-616.

[3]1YE A Q,GILLILAND J,SINGH H. Thermal treatment to form a complex surface layer of sodium caseinate and gum arabic on
oil-water interfaces[J]. Food Hydrocolloids,2011,25(7):1677-1686.
[4]YE A Q,EDWARDS P J B,GILLILAND J,et al. Temperature-dependent complexation between sodium caseinate and gum

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.4 2018



EHEHE S Acacia seyal B W) BLK IR R M4 S B F 4 0 R @A AL F MRk

arabic[J]. Food Hydrocolloids,2012,26(1) :82-88.

[5]MU L,ZHAO H,ZHAO M, et al. Physicochemical properties of soy protein isolates-Acacia gum conjugates [J]. Czech Journal
of Food Sciences,2011,29(2):129-136.

[6 ] SARKAR S,SINGHAL R S. Esterification of guar gum hydrolysate and gum arabic with n-octenyl succinic anhydride and oleic
acid and its evaluation as wall material in microencapsulation[J]. Carbohydrate Polymers,2011,86(4):1723-1731.

[ 7 1 WEINBRECK F,TROMP R,DE K C. Composition and structure of whey protein/gum arabic coacervates [J]. Biomacromole—
cules,2004,5(4):1437-1445.

[ 8 1 MEKHLOUFI G,SANCHEZ C,Renard D,et al. pH-induced structural transitions during complexation and coacervation of
3-lactoglobulin and acacia gum[J]. Langmuir,2005,21(1) :386-394.

[9 ] WEINBRECK F,ROLLEMA H S,TROMP R H,et al. Diffusivity of whey protein and gum arabic in their coacervates [J].
Langmuir,2004,20(15) :6389-6395.

[10] WEINBRECK F,DE VRIES R,SCHROOYEN P,et al. Complex coacervation of whey proteins and gum arabic [J].
Biomacromolecules,2003,4(2):293-303.

[11] FLINDT C,AL-ASSAF S,PHILLIPS G O, et al. Studies on Acacia exudate gums. Part V. Structural features of Acacia seyal[J].
Food Hydrocolloids,2005,19(4) :687-701.

[12] HASSAN E A,AL-ASSAF S,PHILLIPS G O, et al. Studies on Acacia gums:Part III molecular weight characteristics of Acacia
seyal var. seyal and Acacia seyal var fistula[J]. Food Hydrocolloids,2005,19(4):669-677.

[13] AL-ASSAF S,PHILLIPS G O, WILLIAMS P A. Studies on Acacia exudate gums:part II. Molecular weight comparison of the
Vulgares and Gummiferae series of Acacia gums[J]. Food Hydrocolloids,2005,19(4) :661-667.

[14] SIDDIG N E,OSMAN M E,AL-ASSAF S, et al. Studies on acacia exudate gums, part IV. Distribution of molecular components
in Acacia seyal in relation to Acacia senegal[J]. Food Hydrocolloids,2005,19(4) :679-686.

[15] BUFFO R,REINECCIUS G,OEHLERT G. Factors affecting the emulsifying and rheological properties of gum acacia in
beverage emulsions[J]. Food Hydrocolloids,2001,15(1) :53-66.

[16] RAY A K,BIRD P B,IACOBUCCI G A, et al. Functionality of gum arabic. Fractionation, characterization and evaluation of gum
fractions in citrus oil emulsions and model beverages[J]. Food Hydrocolloids, 1995,9(2):123-131.

[17] RANDALL R C,PHILLIPS G O, WILLIAMS P A. The role of the proteinaceous component on the emulsifying properties of gum
arabic[J]. Food Hydrocolloids, 1988,2(2):131-140.

[18] CHIKAMAI B,BANKS W,ANDERSON D,et al. Processing of gum arabic and some new opportunities [J]. Food
Hydrocolloids, 1996,10(3) :309-316.

[19] KATO A,SASAKI Y,FURUTA R, et al. Functional protein-polysaccharide conjugate prepared by controlled dry-heating of
ovalbumin-dextran mixtures[J]. Agricultural and Biological Chemistry, 1990,54(1):107-112.

[20] NI Kongwei,ZHANG Meng,XU Dalun,et al. Antioxidant activity of maillard reaction products derived from enzymolysis
product of portunus pelagicus meat with reducing sugars [J]. Journal of Food Science and Biotechnology,2015,34 (3):
239-245.(in Chinese)

RSt HRAZIL 2018 FE 7 EE 4




